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Leptomeningeal disease (LMD) represents a devastating complication of advanced breast cancer (ABC),
with survival of <5 months with multimodal treatment. The role of endocrine therapy (ET), due to its
favorable toxicity profile and first-line indication in luminal ABC, appears promising in the setting of LMD,
where symptom stabilization and quality-of-life preservation are the main goals; however, evidenced-
based data are lacking. We conducted a thorough review of published evidence, aiming to investigate
the role of ET in LMD treatment in luminal ABC. Twenty-one of 342 articles, evaluating 1302 patients, met
inclusion criteria. ET use was rarely reported. New targeted agents show CNS activity. Research is lacking
on the role of ET and targeted agents in BC-LMD treatment.
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Leptomeningeal disease (LMD) is characterized by tumor cells spread within the leptomeninges or the subarachnoid
space [1]. Diagnosis can be challenging because signs and symptoms may be subtle. The presence of malignant cells
in the cerebral spinal fluid (CSF) (specificity >95%, sensibility 45–75% [2]) and/or magnetic resonance imaging
(MRI) with gadolinium (the accuracy of which is still debatable) consistent with CSF dissemination and clinical
suspicion confirms the diagnosis. LMD is mainly a late-stage complication but can be an inaugural diagnosis
(10%) [3,4].

In breast cancer (BC), LMD has an estimated incidence of 5% [5,6]. Triple negative (TN) subtype, lobular
histology and ventricle disruption during surgical excision of brain metastasis are associated with a higher risk for
LMD-BC [1,5,7]. Distribution by subtype is almost equivalent in proportions: 17–37% for TN BC, 19–40% for
HER2 positive (HER2+) BC and 35–50% for luminal BC [hormone receptor positive (HR+) and HER2 negative
(HER2-)] [8–13].

Patients with LMD have a dismal prognosis. At diagnosis, 80% are symptomatic with severely impaired functional
status and quality of life [5,6,14]. Median survival without treatment is 6–8 weeks; with multimodal treatment, it
usually does not exceed 5 months [1,5,8,12,14]. At 1 year, less than 25% are alive [1,8].

No prognostic score has been validated to help clinicians with stratifying patients or providing the appropriate
therapeutic approach [7,8,12]. The most consistent favorable prognostic factor seems to be a good performance status
(PS) at diagnosis [5,8,11,15–18].

Given the bleak prognosis of LMD, stabilizing neurologic symptoms, improving quality of life and preventing
or delaying further disability are the goals of treatment [1]. A multimodal approach has been suggested to be the key
for a sustained response [12,19,20]. Accordingly to the European Society for Medical Oncology recommendations,
surgery, radiotherapy (RT), systemic anticancer therapy (SACT), intrathecal therapy (ITT) and supportive therapy
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should be used in conjunction for patients with good performance status [1]. Surgery is mostly indicated in cases
that require relief of intracranial pressure, placement of a ventriculoperitoneal shunt or insertion of an Ommaya
reservoir [21,22].

RT has an important role in highly symptomatic and bulky disease, and it seems it can improve results in
the setting of a multimodal approach. However, its effect on survival and quality of life have not been well
established [13,19,23–25]. Furthermore, it seems that the molecular landscape and tumor microenvironment of CNS
metastasis may have implications in terms of RT response, which in the future could dictate multimodality
approaches [26–28].

Most retrospective LMD studies suggest that SACT improves survival [1,5,11,12,29]. However, significant challenges
to its use have been pointed out, including limited tested regimens in this setting, the assumption that most regimens
have limited efficacy in CNS metastasis and the paucity of additional available treatment lines. The blood–brain
barrier (BBB) is cited as the principal factor for the limited CNS activity of most therapeutic regimens [26], but
several authors suggest that in the presence of brain metastasis, the integrity of the BBB has been compromised,
which could explain the survival benefit provided by SACT [30,31]. Furthermore, LMD itself has been shown
to increase BBB permeability [7], and these patients are often subjected to whole-brain RT, which disrupts BBB
organization and consequently increases concentration of systemic agents in CSF [7,31].

Administration of agents directly in the CSF bypasses BBB and, in theory, ensures therapeutic levels of anti-
neoplastic agents, although diffuse distribution of these implies absence of an obstruction to CSF flow [24]. These
are the principles of ITT that have been the mainstay for BC-LMD treatment in most European centers [17], yet
its value is not well established [32]. Furthermore, its use is not recommended in the presence of hydrocephalus
(because, due to impaired CSF flow, it augments the risk of neurotoxicity, furthering intracranial pressure and
consequently brain herniation and ischemia) [4,22,33] or nodular disease only (due to limited diffusion of ITT agents
into the subependymal tissue) [1,7,24,34]. ITT also involves invasive procedures and has possible serious adverse
effects [24,29,35], even if it seems not to negatively affect quality of life [25,32].

Endocrine therapy (ET) alone or in combination with other agents is the standard first-line treatment for
advanced luminal BC (luminal ABC) unless patients are endocrine resistant or present with visceral crisis [36].
ET is extremely effective in controlling bone disease [37,38], including disease of the skull, because bone is the
most common place for luminal BC metastasis [39]. Regarding CNS metastasis, patients have been excluded from
most trials. Furthermore, most studies on LMD have not examined BC exclusively nor have they been dedicated
to researching the value of ET, with many focusing mainly on ITT [30,32,40], chemotherapy regimens [41–43] and
RT [19,23,44].

Some studies suggest that there is a role for ET in luminal ABC with CNS metastasis, including LMD [15,31,45–47].
There is evidence that hormonal agents can cross the BBB: tamoxifen has a good CSF bioavailability and can also
modulate p-glycoprotein, which are important for achieving CNS activity [48,49]; likewise, letrozole penetrates the
BBB better than anastrozole [50] and seems to have potential tumor selectivity by achieving greater levels in tumor
areas [51]. It can be inferred that demonstration of efficacy in controlling CNS disease comprises control of LMD,
and thus results from CNS disease should guide treatment approaches to this rare manifestation of advanced BC
(ABC).

Decisions about LMD treatment lack evidence-based practice. The rarity of the disease along with the usually
poor clinical performance due to symptom burden brought by LMD limits randomized trial conduction and
prospective data gathering. The aim of this review was to investigate the role of ET in the treatment of LMD in
patients with luminal BC.

Methods
Study question & inclusion criteria
This study was designed to evaluate published evidence underlying ET options for LMD in luminal ABC. The
research question was set using the Population-Intervention-Comparator-Outcome-Study Design framework [52].

The population of interest included individuals aged >18 years with diagnosis of LMD in the context of luminal
BC for whom ET was given after diagnosis. All articles featuring this population, even if submitted to other
treatments or without available outcomes and survival for this group, were eligible for inclusion.

Studies featuring other tumors were not excluded if the information required was presented. Studies using ET
in combination with targeted agents for HER2 disease were excluded due to the possible confounding effect.
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Figure 1. Search strategy according to
Preferred Reporting Items for
Systematic Reviews and Meta-Analysis
method.
BC: Breast cancer; ET: Endocrine
therapy; LMD: Leptomeningeal disease;
TN: Triple negative.

Literature review
This review was performed independently in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [53]. Eligible articles published between 2000 and as late as July 2020 were
retrieved by searching PubMed and COCHRANE. The search strategy was restricted to publications in English
and Portuguese and included all publications with BC and LMD (or carcinomatosis or metastasis) and ET (or
hormonal therapy or tamoxifen or letrozole or anastrozole or fulvestrant or exemestane). All study types were
permitted, including randomized and nonrandomized interventional studies, observational studies (controlled or
uncontrolled), systematic reviews and clinical cases or case series.

Data collection & statistical analysis
For each study, the following data were collected: year of publication; first author; patient age at diagnosis; Karnofsky
Performance Status (KPS)/Eastern Cooperative Oncology Group (ECOG)-PS; estrogen, progesterone and HER2
status; type of ET used (when available); and other therapeutic strategies used before and after LMD diagnosis.
Whenever possible, we also gathered the following data: time from breast cancer diagnosis until LMD diagnosis
(TLMD), progression-free survival corresponding to the time each ET was used before changing line due to
progression, quality of life, treatment toxicity and overall survival (OS) for LMD. OS was calculated as time from
LMD diagnosis until death or last contact (OS LMD). We performed a simple one-sample comparative analysis,
with the nonparametric Wilcoxon test, using R statistical software version 4.0.2 [54].

Results
Our search retrieved a total of 342 articles of which 21 studies were included (selection is detailed in Figure 1). These
evaluated 1302 patients, of which 161 of 473 with luminal ABC-LMD received ET after diagnosis. We organized
data in four groups: prospective studies (Table 1), retrospective studies (Table 1), clinical cases/case series (Table 2)
and systematic reviews (Table 1). Because of the substantial heterogeneity of data, we only compared median OS
of the group of clinical cases against reference median OS for LMD (described in more detail subsequently).

Prospective trials
Three trials were included in this group (Table 1). In a randomized study from 2004 with 35 patients, Boogerd
et al. compared ITT with methotrexate combined with SACT versus SACT alone. Fourteen patients received
ET, seven combined with ITT (experimental group) [29]. Agents used were tamoxifen, orimeten, megestrol and
fluoxymesterone. This trial showed better OS for patients in the control group (SACT only), but OS was not
detailed according to the type of therapy used (OS: 18.3 weeks vs 30.3 weeks, 95% CI: 5.5–34.3 weeks).

The only phase III trial in BC-LMD, DEPOSEIN, was recently published and enrolled 73 patients (37 in
the control group and 36 in the experimental group) with the aim of comparing ITT with SACT versus SACT
alone [32]. Although 39 patients had luminal ABC, only two were treated with ET. After LMD progression, 19 more
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in the control group and 10 in the experimental group received further systemic agents, but no additional detail is
given [32]. The experimental group almost doubled OS (OS: 4.0 months [95% CI: 2.2–6.3] vs 7.3 months [95%
CI: 3.9–9.6], hazard ratio [HR]: 0.85, 95% CI: 0.53–1.36), suggesting that ITT with SACT is the best approach
for LMD. However, this was a small, open-label trial without stratifications, leading to unbalanced groups [32], and
the pattern of LMD disease (nodular vs linear) was not accounted [32].

Recently, the first prospective trial to evaluate the efficacy and safety of immune checkpoint inhibitors in patients
with LMD of any solid tumor was published [55]. Brastianos et al. tested pembrolizumab in 20 patients, 17
with BC. Of those with BC, seven were HR+/HER2-, and two received pembrolizumab concurrently with ET
(fulvestrant and letrozole). The primary endpoint of this study was met, and at 3 months, 12 of 20 patients were
alive including four patients from the group of luminal BC-LMD patients (OS 3.4–14.6 months). Outcomes of
the two patients with concurrent pembrolizumab and ET are not disclosed [55].

Retrospective studies
In this group, eight studies met the inclusion criteria, although most did not detail the variables under study (Table 1).
Of 403 luminal ABC patients, 135 received ET after LMD diagnosis.
In 2013, three retrospective studies on this subject were published. LeRhun et al. studied a cohort of 103 patients
diagnosed between 2007 and 2011 and treated with intrathecal cytarabine combined with other treatments [15]. 44
had luminal ABC-LMD, and 15 started concomitant ET. The authors reported a median OS of 3.8 months (1 day–
2.8 years) for the whole cohort, but in univariate and multivariate analysis, both non-TN tumors (p = 0.0139) and
initial treatment that included ET (P = 0.0238) were significantly associated with a better OS.

Comte et al. also published a retrospective study with 66 patients diagnosed between 2000 and 2012, of which 45
had HR+ BC-LMD, although it is not specified if they are all luminal [14]. Their aim was to evaluate benefits of ITT
with thiotepa. SACT was used in combination with intrathecal thiotepa, 90% patients had been previously treated
with SACT regimens and ET was used only in nine patients (14%). Median OS was 4.5 months (0.1–50 months)
for the cohort, and 12 patients (18%) had OS >1 year. Univariate analysis showed that high grade tumors, >3
prior lines of chemotherapy and PS >2 were poor prognostic factors [14]. ET agents were not specified, but use of
hormonal treatment (n = 9/66) was not associated with better OS (univariate analysis, p = 0.15).

Torrejón et al. also studied implications of BC subtypes for the development of LMD [10]. The retrospective
cohort of 38 BC patients included 19 luminal ABC (seven luminal A and 12 luminal B). Only one was treated
with an ET (anastrozole) in addition to other SACT. The authors concluded that the use of SACT was related to a
better prognosis and that luminal ABC patients had longer TLMD but worse nonsignificant OS, compared with
TN (OS: luminal B 1.3 months, luminal A 2.7 months, HER2+ 3.0 months and TN 3.1 months, p = 0.296).

Abouharb et al. published a study that included 233 patients with BC-LMD diagnosed between 1997 and
2012 [11]. The aim was to characterize clinical features and outcomes of patients with LMD based on BC subtypes.
Survival for luminal BC patients was better than for TN BC but worse than for HER2+ BC (OS 3.7 vs 2.2 months
and 4.4 months, respectively). Forty-four of 67 luminal BC patients received SACT and 19 (28%) received ET,
but specific survival for the latter group is not detailed. Multimodal treatment was used in most patients, and only
10% proceeded to supportive care immediately after LMD diagnosis. Patients who received SACT (in all molecular
subtypes) had significantly better OS (for all: OS 6.4 vs 1.7 months; HR: 0.31; 95% CI: 0.24–0.42 p < 0.001;
luminal group: HR: 0.41; 95% CI: 0.24–0.69, p = 0.001).

In 2017, Kingston et al. studied 182 patients diagnosed between 2004 and 2014, of whom 90 (49.5%) had
luminal ABC with LMD [56]. The authors aimed to evaluate potential predictors of survival. Seven patients received
ET, four patients concomitantly with RT (2) and ITT (2); three patients received supportive care but maintained
hormonal treatment. OS was 5.4 months, and progression-free survival was 3.9 months for all treatment approaches.
The group that received SACT as the first strategy had the best OS (8.8 months), but the authors only mentioned
chemotherapy and did not detail all regimens used. Their conclusion was that there is no current indication to
deviate from standard ABC regimens when treating LMD because patients who received ITT or palliative care
alone had the worst outcomes.

In the same year, Niwinska et al. studied retrospectively the factors affecting survival of BC-LMD in a cohort of
187 patients diagnosed between 1999 and 2015 [12]. 32 patients of 75 with luminal ABC-LMD received ET during
the course of their disease, but the authors did not detail which agent was used or the OS for this group. They
concluded that older age, luminal ABC (HR: 0.64; 95% CI: 0.461–0.887, p = 0.007) and good PS were linked to
better prognosis, but the use of multimodal treatment, specifically SACT and RT, was the strongest positive factor.
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Endocrine therapy in luminal leptomeningeal disease Systematic Review

Patients with the best prognosis (n = 24) achieved a median OS of 9.6 months (95% CI: 4.3–14.9). The authors
did not detail median OS for luminal patients.

The retrospective study by Griguolo et al. aimed to show the prognostic value of systemic therapy and comprised
153 patients diagnosed between 2002 and 2017 [18]. A total of 110 patients received SACT, 78 patients had luminal
ABC, but only 44 received ET. Median OS for the luminal ABC group was 3.2 months, but specific outcomes for
the ET group were not explored [18]. This study also concluded that patients with deteriorated PS were less likely
to receive treatment, in particular SACT and RT. Also, in the group of HER2- patients (n = 101, HR+/HER2-
and TN), use of both SACT (HR: 0.16; 95% CI: 0.1–0.27; p < .001) and ITT (HR: 0.42; 95% CI: 0.27–0.65;
p < 0.001) were significantly related with better prognosis.

The only retrospective study that specifically addresses ET in BC-LMD was published in 2019; the primary
aim of Bergen et al. was to evaluate the impact of ET on the survival prognosis of patients with luminal-ABC and
brain metastasis [45]. Their cohort had 198 patients with brain metastasis diagnosed between 1990 and 2017, of
whom 30 concomitantly had LMD. Only eight of these received ET; OS was double for these patients compared
with those who did not receive ET along the treatment (7 months vs 3 months, p = 0.012). Overall, there were no
significant differences between agents used (aromatase inhibitors, tamoxifen or fulvestrant). The authors concluded
that ET significantly improves survival in BC-CNS metastasis and might particularly be considered in the presence
of nodular LMD.

Clinical cases
We found nine clinical cases reporting 12 women with BC-LMD treated ET (Table 2) [46,47,58–64]. Nine patients
received multimodality treatment after LMD diagnosis in addition to ET, RT (7), ITT (4) and chemotherapy (5).
Eight patients received multiple endocrine agents, and of these, two were also treated with CDK 4/6 inhibitors. All
had good clinical responses, and the median OS was 25.5 months (12–120 months; two cases had no OS detailed).
Median TLMD was 35.5 months (min–max: 0–216 months), and in four cases LMD was the inaugural diagnosis
of BC.

Survival analysis
Analysis of OS LMD was done only for the group of clinical cases; therefore, it is based on only 12 patients
with luminal ABC-LMD, treated with ET combined or alone and compared with three reference OS LMD. For
comparison, we choose three OS that we thought could be representative of the median: OS for BC-LMD (median
OS from the retrospective studies reviewed here [4.3 months]), the best median OS found in this review (median
OS achieved by the best prognostic group in the Niwinska et al. cohort [9.6 months]) and the median OS of the
experimental group in the DEPOSEIN trial (7.3 months).

The median OS LMD from the clinical cases group was significantly different from all three comparisons (25.5 vs
9.6 months, 4.3 and 7.3 months, respectively, with adjusted p < 0.01 for all of them) (Table 3).

Systematic Reviews
Only one publication from 2016 was included in this group (Table 1). Lee et al. conducted a systematic review and
pooled analysis, of seven case series and 25 case reports, to compare outcomes of ET, chemotherapy and ITT in
BC-LMD [57]. There were only seven patients in the ET group, which comprised only patients from clinical cases.
The Kaplan-Meier method showed no differences in survival. The ET group had the longest median OS (65 vs
52 weeks in the systemic chemotherapy vs 41 weeks in the ITT group). One patient who received ET exhibited
the longest survival of approximately 8.5 years. Five of the clinical cases from this work are the same in our group
of clinical cases.

Discussion
Results from the studies reviewed
The first European guidelines for LMD were published in 2017 and highlighted the scarcity of evidence in this
area [1]. Also, in the setting of ABC, metastatic CNS disease has historically been excluded from most clinical trials.
This reality is changing, and in recent years trials have been designed to specifically approach CNS metastasis [55,65],
some of them, in particular those in HER2+ disease [66,67], with promising results. Despite this, LMD continues
to be understudied, and evidence for optimal treatment in BC-LMD is still limited [67]. Use of SACT has been
consistently linked to better prognosis [12,14,56], but in Europe, ITT is the mainstay in LMD [17].
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éj
o

n
et

al
.(

20
13

)
R

et
ro

sp
ec

ti
ve

st
u

d
y

20
05

–2
01

0
38

7
(l

u
m

A
)

12
(l

u
m

B
)

1
(l

u
m

A
)

96
.2

(6
3.

3–
12

9.
3)

(l
u

m
A

)
66

.3
(3

3.
2–

97
.4

)
(l

u
m

B
)

Y
es

A
n

as
tr

o
zo

le
2.

7
m

o
n

th
s

(9
5%

C
I:

1.
2–

4.
1)

(l
u

m
A

)‡

1.
3

m
o

n
th

s
(9

5%
C

I:
0.

0–
3.

2)
(l

u
m

B
)‡

3.
0

m
o

n
th

s
(9

5%
C

I:
2.

6–
3.

4)
(H

ER
2+

)
3.

1
m

o
n

th
s

(9
5%

C
I:

0.
0–

6.
4)

(T
N

)
p

=
0.

29
6

[1
0]

A
b

o
u

h
ar

b
et

al
.(

20
14

)
R

et
ro

sp
ec

ti
ve

st
u

d
y

19
97

–2
01

2
23

3
67

19
–

Y
es

–
4.

4
m

o
n

th
s

(H
ER

2+
);

3.
7

m
o

n
th

s
(l

u
m

in
al

)‡
;

2.
2

m
o

n
th

s
(T

N
);

p
=

0.
00

02
U

se
o

f
SA

C
T

(l
u

m
in

al
)‡

H
R

:
0.

41
,9

5%
C

I:
0.

24
–0

–6
9,

p
=

0.
00

1

[1
1]

K
in

g
st

o
n

et
al

.(
20

17
)

R
et

ro
sp

ec
ti

ve
st

u
d

y
20

04
–2

01
4

18
2

90
7

–
Y

es
–

5.
4

m
o

n
th

s
(9

5%
C

I:
4.

2–
6.

6)
(f

o
r

to
ta

ln
)

[5
6]

N
iw

in
sk

a
et

al
.(

20
17

)
R

et
ro

sp
ec

ti
ve

st
u

d
y

19
99

–2
01

5
18

7
75

32
–

Y
es

–
4.

2
m

o
n

th
s

(0
.1

–4
7

m
o

n
th

s)
(f

o
r

to
ta

ln
)

9.
6

m
o

n
th

s
(9

5%
4.

3–
14

.9
)

(b
es

t
g

ro
u

p
)

[1
2]

†
C

or
re

sp
on

ds
to

ho
rm

on
e

re
ce

pt
or

-p
os

iti
ve

pa
tie

nt
s;

lu
m

in
al

pa
tie

nt
s

ar
e

no
t

di
st

in
gu

is
he

d,
an

d
w

e
w

er
e

no
t

ab
le

to
ca

lc
ul

at
e

th
em

w
ith

th
e

da
ta

av
ai

la
bl

e.
‡

C
or

re
sp

on
ds

to
al

ll
um

in
al

pa
tie

nt
s

an
d

no
t

th
os

e
w

ho
re

ce
iv

ed
ET

.
§

In
cl

ud
es

on
ly

52
pa

tie
nt

s.
¶

To
ta

ln
um

be
r

of
pa

tie
nt

s
is

19
8

bu
t

co
rr

es
po

nd
s

to
pa

tie
nt

s
w

ith
C

N
S

m
et

as
ta

si
s;

on
ly

30
ha

d
LM

D
.

#
C

or
re

sp
on

ds
to

ye
ar

of
pu

bl
ic

at
io

n
an

d
no

t
tim

e
of

di
ag

no
si

s.
C

G
:

C
on

tr
ol

gr
ou

p;
C

hT
:

C
he

m
ot

he
ra

py
;

EG
:

Ex
pe

rim
en

ta
lg

ro
up

;
ET

:
En

do
cr

in
e

th
er

ap
y;

H
R:

H
az

ar
d

ra
tio

;
IT

T:
In

tr
at

he
ca

lt
he

ra
py

;
LM

D
:

Le
pt

om
en

in
ge

al
di

se
as

e;
Lu

m
:

Lu
m

in
al

;
O

S:
O

ve
ra

ll
su

rv
iv

al
;

PF
S:

Pr
og

re
ss

io
n-

fr
ee

su
rv

iv
al

;
RT

:
Ra

di
ot

he
ra

py
;S

A
C

T:
Sy

st
em

ic
an

tic
an

ce
r

th
er

ap
y;

TL
M

D
:T

im
e

to
th

e
de

ve
lo

pm
en

t
of

le
pt

om
en

in
ge

al
di

se
as

e;
TN

:T
rip

le
ne

ga
tiv

e.

10.2217/cns-2020-0023 CNS Oncol. (2020) CNS65 future science group



Endocrine therapy in luminal leptomeningeal disease Systematic Review

Ta
b

le
1.

D
et

ai
le

d
ch

ar
ac

te
ri

st
ic

s
o

f
th

e
p

ro
sp

ec
ti

ve
,r

et
ro

sp
ec

ti
ve

an
d

sy
st

em
at

ic
st

u
d

ie
s

se
le

ct
ed

(c
o

n
t.

).
A

u
th

o
r

(y
ea

r)
Ty

p
e

o
f

st
u

d
y

Ti
m

e
o

f
st

u
d

y
n

(t
o

ta
l)

n
(l

u
m

in
al

)
n

(E
T)

TL
M

D
(m

o
n

th
s)

O
th

er
th

er
ap

ie
s

(I
TT

,
R

T,
C

h
T)

ET
Su

rv
iv

al
/

O
S

LM
D

R
ef

.

G
ri

g
u

o
lo

et
al

.(
20

18
)

R
et

ro
sp

ec
ti

ve
st

u
d

y
20

02
–2

01
7

15
3

78
44

68
.9

(4
0.

0–
97

.9
)§

Y
es

–
11

.4
m

o
n

th
s

(9
5%

C
I:

0.
0–

24
)

(H
ER

2+
)

6.
6

m
o

n
th

s
(9

5%
C

I:
0.

4–
12

.7
)

(l
u

m
in

al
/
H

ER
2+

)
3.

2
m

o
n

th
s

(9
5%

C
I:

1.
9–

4.
5)

(l
u

m
in

al
)‡

2.
0

m
o

n
th

s
(9

5%
C

I:
0.

0–
4.

3)
(T

N
)

p
=

0.
26

6

[1
8]

B
er

g
en

et
al

.(
20

19
)

R
et

ro
sp

ec
ti

ve
st

u
d

y
19

90
–2

01
7

19
8¶

30
8

–
Y

es
–

7
m

o
n

th
s

(l
u

m
in

al
w

it
h

ET
)

3
m

o
n

th
s

fo
r

(l
u

m
in

al
w

it
h

o
u

t
ET

)
p

=
0.

01
2,

lo
g

-r
an

k
te

st

[4
5]

To
ta

l
12

90
44

9
15

2

A
u

th
o

r
(Y

ea
r)

Ty
p

e
o

f
st

u
d

y
Ti

m
e

o
f

st
u

d
y

n
(t

o
ta

l)
n

(l
u

m
in

al
)

n
(E

T)
TL

M
D

(m
o

n
th

s)
O

th
er

th
er

ap
ie

s
(I

TT
,

R
T,

C
h

T)

ET
PF

S
(m

o
n

th
s)

Su
rv

iv
al

/
O

S
LM

D
R

ef
.

Le
e

et
al

.(
20

17
)

Sy
st

em
at

ic
re

vi
ew

+
p

o
o

le
d

an
al

ys
is

20
00

–2
01

6#
34

5
7

–
Y

es
Ta

m
o

xi
fe

n
,

le
tr

o
zo

le
,

ex
em

es
ta

n
e,

le
u

p
ro

lid
e

13
(5

2
w

ee
ks

,3
4–

20
9

w
ee

ks
)

16
.2

5
m

o
n

th
s

(6
5

w
ee

ks
,

52
–4

43
w

ee
ks

)

[5
7]

†
C

or
re

sp
on

ds
to

ho
rm

on
e

re
ce

pt
or

-p
os

iti
ve

pa
tie

nt
s;

lu
m

in
al

pa
tie

nt
s

ar
e

no
t

di
st

in
gu

is
he

d,
an

d
w

e
w

er
e

no
t

ab
le

to
ca

lc
ul

at
e

th
em

w
ith

th
e

da
ta

av
ai

la
bl

e.
‡

C
or

re
sp

on
ds

to
al

ll
um

in
al

pa
tie

nt
s

an
d

no
t

th
os

e
w

ho
re

ce
iv

ed
ET

.
§

In
cl

ud
es

on
ly

52
pa

tie
nt

s.
¶

To
ta

ln
um

be
r

of
pa

tie
nt

s
is

19
8

bu
t

co
rr

es
po

nd
s

to
pa

tie
nt

s
w

ith
C

N
S

m
et

as
ta

si
s;

on
ly

30
ha

d
LM

D
.

#
C

or
re

sp
on

ds
to

ye
ar

of
pu

bl
ic

at
io

n
an

d
no

t
tim

e
of

di
ag

no
si

s.
C

G
:

C
on

tr
ol

gr
ou

p;
C

hT
:

C
he

m
ot

he
ra

py
;

EG
:

Ex
pe

rim
en

ta
lg

ro
up

;
ET

:
En

do
cr

in
e

th
er

ap
y;

H
R:

H
az

ar
d

ra
tio

;
IT

T:
In

tr
at

he
ca

lt
he

ra
py

;
LM

D
:

Le
pt

om
en

in
ge

al
di

se
as

e;
Lu

m
:

Lu
m

in
al

;
O

S:
O

ve
ra

ll
su

rv
iv

al
;

PF
S:

Pr
og

re
ss

io
n-

fr
ee

su
rv

iv
al

;
RT

:
Ra

di
ot

he
ra

py
;S

A
C

T:
Sy

st
em

ic
an

tic
an

ce
r

th
er

ap
y;

TL
M

D
:T

im
e

to
th

e
de

ve
lo

pm
en

t
of

le
pt

om
en

in
ge

al
di

se
as

e;
TN

:T
rip

le
ne

ga
tiv

e.

future science group 10.2217/cns-2020-0023



Systematic Review Fernandes, Vasconcelos de Matos, Cardoso et al.

Ta
b

le
2.

D
et

ai
le

d
ch

ar
ac

te
ri

st
ic

s
o

f
ea

ch
p

at
ie

n
t

fr
o

m
th

e
cl

in
ic

al
ca

se
s

se
le

ct
ed

.
A

u
th

o
r

(Y
ea

r)
A

g
e

PS
Ty

p
e

o
f

tu
m

o
r

TL
M

D
(m

o
n

th
s)

D
ia

g
n

o
si

s
O

th
er

si
te

s
o

f
m

et
as

ta
si

s
R

T
IT

T
C

h
T

ET
Tr

ea
tm

en
t

PF
S

ET
(m

o
n

th
s)

O
S

LM
D

(m
o

n
th

s)
R

ef
.

B
o

o
g

er
d

et
al

.(
20

01
)

33
–

ER
/
PR

+,
N

+
�

2n
d

tu
m

o
r

lo
b

u
la

r
12

C
SF

+;
sy

m
p

to
m

s/
si

g
n

s+
Li

ve
r,

b
o

n
e

Fo
ca

lR
T

(l
u

m
b

ar
sp

in
e

+
C

3-
T3

)
–

–
TA

M
+

G
o

s
�

TA
M

+
o

o
p

h
�

TA
M

+
G

o
s

�

m
eg

M
+

ad
j[

C
h

T-
C

M
F]

�

ET
+

fo
ca

lR
T

�
EC

11
17

[5
8]

52
–

ER
+/

PR
-

10
8

C
SF

+;
M

R
I-

;
sy

m
p

to
m

s/
si

g
n

s+
–

Fo
ca

lR
T

(T
10

-S
2)

–
–

TA
M

�
A

N
A

�

m
eg

8
+

5
�

14

O
zd

o
g

an
et

al
.(

20
03

)
44

–
Lo

b
u

la
r

G
2,

ER
+/

PR
-

H
ER

2-
�

H
ER

2+
(l

o
ca

l
re

la
p

se
)†

;N
0

35
C

SF
-;

M
R

I+
;

sy
m

p
to

m
s/

si
g

n
s+

LN
,b

o
n

e
W

B
R

T
M

TX
Y

es
LE

T
�

m
eg

M
+

ad
j[

C
h

T-
C

M
F]

‡
�

TA
M

(a
ft

er
p

ro
g

re
ss

io
n

,b
ef

o
re

LM
D

)
�

C
is

-E
to

�
LE

T
�

m
eg

16
+

4
�

21
[5

9]

Pe
ro

n
ki

d
es

et
al

.(
20

11
)

60
–

ID
C

ER
/
PR

+
H

ER
2-

;T
2N

0
60

C
SF

+;
M

R
I-

;
sy

m
p

to
m

s/
si

g
n

s+
–

–
M

TX
–

LE
T

M
R

M
+

A
LN

D
�

ad
j[

C
h

T-
C

M
F

+
TA

M
]

–
�

36
[6

0]

Si
n

g
h

et
al

.(
20

12
)

57
–

Lo
b

u
la

r;
ER

/
PR

+;
N

0
0

C
SF

-§
;M

R
I+

;
sy

m
p

to
m

s/
si

g
n

s+
B

o
n

e
–

–
–

LE
T

–
–

–
[6

1]

M
ag

d
u

la
et

al
.(

20
14

)
66

–
ID

C
ER

/
PR

+
H

ER
2-

;T
2N

3
0

C
SF

-;
M

R
I+

;
sy

m
p

to
m

s/
si

g
n

s+
B

o
n

e
–

–
–

A
N

A
Lu

m
p

.
�

2
–

[6
2]

Zo
g

h
i

et
al

.(
20

16
)

46
–

Lo
b

u
la

r
lo

w
g

ra
d

e;
ER

/
PR

+
H

ER
2-

K
i6

7
1%

;
N

0

0
C

SF
+;

M
R

I+
;

sy
m

p
to

m
s/

si
g

n
s+

–
Fo

ca
lR

T
(c

au
d

a
eq

u
in

a)
–

–
TA

M
Le

u
p

.�
EV

E
+

LE
T

+
le

u
p

.
10

12
[4

7]

A
lm

aj
ed

et
al

.(
20

16
)

54
–

ID
C

lo
w

g
ra

d
e;

ER
/
PR

+
20

4
C

SF
+;

M
R

I+
;

sy
m

p
to

m
s/

si
g

n
s+

LN
,s

o
ft

sk
in

ti
ss

u
e,

lu
n

g
,

liv
er

,b
o

n
e

Fo
ca

lR
T

(d
o

rs
al

sp
in

e)
M

TX
–

LE
T

�
EX

E
�

m
eg

Se
g

.M
+

ad
j[

R
T]

‡
�

Lu
m

p
.�

M
�

lo
ca

l
re

se
ct

io
n

+
TA

M

48
+

36
�

12
0

[4
6]

Ta
ka

n
as

h
ie

t
al

.(
20

19
)

60
K

PS
30

ER
/
PR

+
H

ER
2-

21
6

C
SF

+
(3

rd
LP

);
M

R
I-

;
sy

m
p

to
m

s/
si

g
n

s+

LN
,t

h
o

ra
ci

c
w

al
l

–
–

–
LE

T
–

–
�

30
[6

3]

K
ap

ke
et

al
.(

20
19

)
71

–
ID

C
ER

/
PR

+
H

ER
2-

0
C

SF
+;

M
R

I+
;

sy
m

p
to

m
s/

si
g

n
s+

B
o

n
e,

lu
n

g
,

liv
er

,C
N

S
Fo

ca
lR

T
(c

er
vi

ca
la

n
d

lu
m

b
ar

sp
in

e)

–
Y

es
A

N
A

�
+

p
al

b
o

�
p

al
b

o
+

EX
E

�

ab
em

a
+

F
�

F

H
D

-M
TX

�
ET

�
ET

iC
D

K
4/

6
�

p
ac

7
+

5
+

?
+

7
+

7
�

54
[6

4]

72
–

Lo
b

u
la

r
ER

/
PR

+
H

ER
2-

;T
2N

0
10

8
C

SF
?¶

;M
R

I+
;

sy
m

p
to

m
s/

si
g

n
s+

B
o

n
e

–
–

Y
es

A
N

A
�

+
p

al
b

o
+

LE
T

M
+

ad
j[

C
h

T-
TA

C
+

R
T]

‡
�

H
D

-M
TX

�

A
N

A
�

+
p

al
b

o
+

LE
T

–
�

44

48
–

ID
C

ER
/
PR

+
H

ER
2-

;N
0

(o
n

co
ty

p
e

sc
o

re
=

30
)

36
C

SF
?¶

;M
R

I+
;

sy
m

p
to

m
s/

si
g

n
s+

Li
ve

r,
b

o
n

e
Fo

ca
lR

T
(L

5
co

m
p

re
ss

io
n

)
+

W
B

R
T

–
Y

es
A

N
A

�
A

N
A

+
le

u
p

.
A

N
A

�
A

N
A

+
le

u
p

�

B
-p

ac
�

er
ib

�
LE

T
�

er
ib

�
H

D
-M

TX
�

ca
rb

o
-g

em
�

ca
p

3
+

5
17

M
ea

n
55

64
.9

m
o

n
th

s
36

.5

M
ed

ia
n

56
35

.5
m

o
n

th
s

25
.5

†
Lo

ca
lr

el
ap

se
w

ith
ou

t
LM

D
pr

og
re

ss
io

n;
af

te
r

16
m

on
th

s
on

le
tr

oz
ol

e,
ET

w
as

ch
an

ge
d

to
m

eg
es

tr
ol

.
‡
Pa

tie
nt

di
d

no
t

re
ce

iv
e

ad
ju

va
nt

en
do

cr
in

e
th

er
ap

y.
§
Re

su
lts

fo
r

C
SF

w
er

e
ne

ga
tiv

e
bu

t
pa

tie
nt

un
de

rw
en

t
a

le
pt

om
en

in
ge

al
bi

op
sy

w
hi

ch
co

nfi
rm

ed
di

ag
no

si
s.

¶
N

ot
m

en
tio

ne
d

if
lu

m
ba

r
pu

nc
tu

re
w

as
pe

rf
or

m
ed

fo
r

di
ag

no
si

s.
A

be
m

a:
A

be
m

ac
ic

lib
;a

dj
:A

dj
uv

an
t;

A
LN

D
:A

xi
lla

ry
ly

m
ph

no
de

di
ss

ec
tio

n;
A

N
A

:A
na

st
ro

zo
le

;B
:B

ev
ac

iz
um

ab
;C

ap
:C

ap
ec

ita
bi

ne
;C

ar
bo

:C
ar

bo
pl

at
in

;C
hT

:C
he

m
ot

he
ra

py
;C

is
:C

is
pl

at
in

;C
M

F:
C

yc
lo

ph
os

ph
am

id
e

+
M

et
ho

tr
ex

at
e

(o
ra

l)
+

Fl
uo

ro
ur

ac
il;

C
SF

:C
er

eb
ro

sp
in

al
flu

id
;E

R:
Es

tr
og

en
re

ce
pt

or
;E

rib
:E

rib
ul

in
;E

V
E:

Ev
er

ol
im

us
;E

T:
En

do
cr

in
e

th
er

ap
y;

Et
o:

Et
op

os
id

e;
EX

E:
Ex

em
es

ta
ne

;F
:F

ul
ve

st
ra

nt
;G

em
:G

em
ci

ta
bi

ne
;G

os
:G

os
er

el
in

;H
D

-M
TX

:H
ig

h-
do

se
m

et
ho

tr
ex

at
e;

ID
C

:
In

va
si

ve
du

ct
al

ca
rc

in
om

a;
IT

T:
In

tr
at

he
ca

lt
he

ra
py

;
K

PS
:

K
ar

no
fs

ky
Pe

rf
or

m
an

ce
St

at
us

;
LE

T:
Le

tr
oz

ol
e;

Le
up

:
Le

up
ro

lid
e;

LM
D

:
Le

pt
om

en
in

ge
al

di
se

as
e;

LN
:

Ly
m

ph
no

de
s;

LP
:

Lu
m

ba
r

pu
nc

tu
re

;
Lu

m
p:

Lu
m

pe
ct

om
y;

M
:

M
as

te
ct

om
y;

M
eg

:
M

eg
es

tr
ol

;M
RI

:M
ag

ne
tic

re
so

na
nc

e
im

ag
e;

M
RM

:M
od

ifi
ed

ra
di

ca
lm

as
te

ct
om

y;
M

TX
:M

et
ho

tr
ex

at
e;

N
:N

st
ag

e
of

th
e

TN
M

;o
op

h:
O

op
ho

re
ct

om
y;

O
S:

O
ve

ra
ll

su
rv

iv
al

;P
ac

:P
ac

lit
ax

el
;P

al
bo

:P
al

bo
ci

cl
ib

;P
FS

:P
ro

gr
es

si
on

-f
re

e
su

rv
iv

al
;P

R:
Pr

og
es

te
ro

ne
re

ce
pt

or
;P

S:
Pe

rf
or

m
an

ce
st

at
us

;R
T:

Ra
di

ot
he

ra
py

;T
A

C
:T

ax
an

e
+

an
th

ra
ci

cl
in

es
/
cy

cl
op

ho
sp

ha
m

id
e;

TA
M

:T
am

ox
ife

n;
TL

M
D

:T
im

e
to

th
e

de
ve

lo
pm

en
t

of
Le

pt
om

en
in

ge
al

di
se

as
e;

W
BR

T:
W

ho
le

br
ai

n
ra

di
ot

he
ra

py
.

10.2217/cns-2020-0023 CNS Oncol. (2020) CNS65 future science group



Endocrine therapy in luminal leptomeningeal disease Systematic Review

Table 3. Median overall survival comparative analysis with the Wilcoxon test.
Cohorts Median overall survival (months) Wilcoxon test (p)

Le Rhun et al. [15] 3.8

Comte et al. [14] 4.5

Abouharb et al. [11] 4.4

Griguolo et al. [18] 3.9

Kingston et al. [56] 5.4

Niwinska et al. [12] 4.3

Median 4.3 p � 0.01

Experimental group DEPOSEIN trial 7.3

Best prognostic group (Niwinska et al.) 9.6

Group of clinical cases 25.5

The most important works published in this setting are the recent DEPOSEIN phase III trial [32] and the phase
II trial of pembrolizumab in LMD [55]. DEPOSEIN, in our opinion, reinforces the idea that BC-LMD requires a
combined modality approach and that ITT should be used in subsets of patients, which is in accordance with
expert recommendations [24]. In this trial, although approximately 50% of these patients had luminal ABC, only
a small minority received ET. However, evidence shows that if BC-LMD is treated according to its molecular
characteristics, better results are achieved [3,40,55,65,68].

CNS metastasis occur less frequently and usually later in the course of HR+/HER2- disease compared with
other BC subtypes [69,70]. Thus, evidence on the use of ET in luminal ABC-LMD is lacking. In all retrospective
studies analyzed, the trend is the same, whenever SACT is used, ET is not the first choice and we cannot assure that
this happens due to endocrine resistance or lack of available lines. We speculate that clinicians consider that ET is
not a suitable option for CNS metastasis [67] and opt for ITT or chemotherapy, even if CNS metastasis remains
HR+ in more than two thirds of patients [71–73]. Furthermore, underlined studies were performed in very uneven
time periods and thus a great heterogeneity in treatment approaches can be observed, reflecting the great changes
that ABC treatment has undergone in the last decades yet missing the advent of the CDK 4/6 inhibitors era.

In this review we have gathered data showing that subsets of patients have almost double the median OS in
BC-LMD [12,45] and that use of ET in LMD can achieve prolonged survival rates compared with the usual reported
outcomes [46,47,58–64,74]. Our statistical comparison showed significant differences between OS LMD, suggesting
that risk stratification could help identifying the most suitable patients for ET.

Only a few prospective ongoing studies are dedicated to the use of ET in luminal ABC-LMD, and most of them
are in BC patients with CNS metastasis, and LMD patients with stable disease were not excluded [7,66]. Less than
a handful are with newer ET agents (Z-endoxifen or elacestrant), and the majority are with ET combined with
other agents such as the CDK4/6 inhibitors abemaciclib, palbociclib and ribociclib; PI3K inhibitors; the mTOR
inhibitor everolimus; VEGFR inhibitors cabozantinib and lenvantinib; and IGF receptor antibodies (xentuzumab
and BMS-754807) [7,66].

Endocrine therapy combined with other agents
Because LMD is a late event in luminal BC, it is possible that, due to endocrine resistance, ET cannot be used alone
in this setting. With the introduction of CDK4/6 and mTOR/AKT/PI3K inhibitors, more therapeutic options
for luminal ABC are available, which can somewhat overcome this problem. Palbociclib, abemaciclib, everolimus
and buparlisib are all able to cross the BBB [7,26,65,66,75], and alpelisib appears to be active against parenchymal
brain metastasis [76].

An exploratory arm in a recent nonrandomized multicohort phase II trial (NCT02308020) confirmed that
abemaciclib and its metabolites achieve therapeutic concentrations in CSF approximating that in plasma and can
control BC-LMD, achieving longer OS than that seen in historical controls [65]. Although, data suggest that these
were heavily pretreated patients (five received a median of four SACT lines, all including chemotherapy and some
ET and target agents), which is one of the problems involved in the management of LMD. Nonetheless, in the
cohort of luminal BC patients with parenchymal brain metastasis, concomitant abemaciclib and ET achieved better
responses in terms of intracranial clinical benefit (35.7 vs 21.1%), suggesting a synergistic action of these drugs in
CNS disease [65].
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Other targeted agents, such as AKT inhibitors, are promising for treatment of BC patients with CNS metastasis
because some of these molecules are able to cross the BBB [77] and seem to prolong ET response in endocrine-resistant
patients (demonstrated by the FAKTION trial of capivasertib with fulvestrant) [78].

Also, regarding mTOR/AKT/PI3K inhibitors, it seems that PI3K-mutant patients have a higher probability of
developing CNS metastasis [79,80], which is something that requires further exploration in BC-LMD [76]. Specifically,
as identified by Le Rhun et al., single nucleotide polymorphisms in the PI3KR1 gene seem to be associated with
CNS metastasis [79]. Several ongoing trials are exploring efficacy of PI3K inhibitors. The latest results published
from the ongoing BYLieve trial (NCT03056755) showed that alpelisib after CDK4/6 inhibition shows clinically
meaningful efficacy and manageable toxicity [81]. However, alpelisib has only been approved for PIK3CA-mutated
patients, in contrast to capivasertib and everolimus, which have demonstrated clinical benefit independent of
PI3K mutations [78].

Regarding the best sequence to maximize results, data suggest that abemaciclib combined with ET followed
by mTOR/AKT/PI3K inhibitors with ET could be the best option for HR+/HER2- ABC patients with CNS
metastasis, but further and more mature data are needed to confirm this assumption.

Adding complexity to SACT options for these patients is the not rare event of discordance in hormone receptor
status between primary tumor and CNS metastasis, with an HR+ primary switching to negative in one-fifth to
one-third of cases [72,73,82]. New diagnostic techniques, such as analysis of circulating epithelial tumor cell DNA
in CSF, could help increase diagnostic sensitivity and specificity and establish ABC subgroups as well as driver and
resistance mutations, which could help dictate therapeutic choices [83].

Immunotherapy is also another emerging field that might bring hope to patients with LMD. It seems that
CNS metastasis responds to these agents independent of PDL1 status, and even if immunotherapy seems more
suitable for the TN BC subtype, targeted agents such as CDK4/6 and mTOR/AKT/PI3K inhibitors seem to alter
immunogenicity in HR+ patients, thus opening further possibilities, such as combining trials of target agents with
immunotherapy or sequential therapies of these agents [84,85].

We hope that in a near future, more targeted trials in LMD are designed that can clarify the best treatment
option for subtypes of BC-LMD (Supplementary Table 1 lists ongoing trials in LMD).

Conclusion & future perspective
This review has highlighted the urgent need for clinical trials in BC-LMD that have been stratified on tumor
biology, which is already being done for HER2+ tumors, with promising results. Overall, we can say that there is
still a great lack of knowledge in this area.

There is a need to identify in which patients a multimodal therapeutic approach should be considered. We
postulate that ET, with or without other agents, with its ease of use, advantageous side effect profile and highly
probable improvement in quality of life, should be considered as a first choice for the treatment of luminal ABC-
LMD, especially in inaugural LMD. The future will see a multimodality approach tailored for BC subtypes and
possibly different LMD characteristics.

Precision medicine approaches in BC-LMD may improve outcomes. One size does not fit all, and it is urgent
that a more personalized approach to BC-LMD treatment is developed to improve the poor prognosis.

Executive summary

• Leptomeningeal disease (LMD) is rare but a devastating complication of breast cancer (BC), and its optimal
therapy is still not defined.

• Diagnosis is made by cerebral spine fluid cytology or magnetic resonance imaging with multifocal
signs/symptoms suggestive of LMD.

• Prognosis without treatment is 6–8 weeks; multimodality treatment (surgery, systemic anticancer treatment
[SACT], intrathecal treatment, radiotherapy) can increase prognosis to 5 months.

• Use of SACT is associated with better outcomes.
• In the setting of luminal BC, endocrine therapy, with or without CDK4/6 inhibitors, may play a role in LMD

because it is the standard-of-care treatment for advanced BC. It is a well-tolerated therapy with a favorable
toxicity profile. However, evidence is scarce for its use in the setting of BC-LMD.
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23. Shafie RAE, Böhm K, Weber D et al. Palliative radiotherapy for leptomeningeal carcinomatosis—analysis of outcome, prognostic factors,
and symptom response. Front. Oncol. 8, 641 (2019).

24. Le Rhun E, Preusser M, Van Den Bent M et al. How we treat patients with leptomeningeal metastases. ESMO Open 4(Suppl. 2),
e000507 (2019).

• A practical guideline for approaching leptomeningeal disease.

25. Dudani S, Mazzarello S, Hilton J et al. Optimal management of leptomeningeal carcinomatosis in breast cancer patients—a systematic
review. Clin. Breast Cancer 16(6), 456–470 (2016).

•• A systematic review of current treatment strategies for leptomeningeal disease in breast cancer.

26. O’Sullivan CC, Davarpanah NN, Abraham J, Bates SE. Current challenges in the management of breast cancer brain metastases. Semin.
Oncol. 44(2), 85–100 (2017).

27. Venur VA, Chukwueke UN, Lee EQ. Advances in management of brain and leptomeningeal metastases. Curr. Neurol. Neurosci.
Rep. 20(7), 26 (2020).

28. Yang TJ, Zhang Z, Young R et al. Abstract CT252: a dose escalation phase I study of concurrent GDC-0084 with radiation therapy for
patients with solid tumor brain metastases or leptomeningeal metastases harboring PI3K pathway mutations. Cancer Res. 80(16),
CT252–CT252 (2020).

29. Boogerd W, Van Den Bent MJ, Koehler PJ et al. The relevance of intraventricular chemotherapy for leptomeningeal metastasis in breast
cancer: A randomised study. Eur. J. Cancer 40(18), 2726–2733 (2004).

30. Mrugala MM, Kim B, Sharma A et al. Phase II study of systemic high-dose methotrexate and intrathecal liposomal cytarabine for
treatment of leptomeningeal carcinomatosis from breast cancer. Clin. Breast Cancer 19(5), 311–316 (2019).
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